INTRODUCTION Acute pulmonary embolism (APE) is an urgent clinical condition that can progress in a wide variety of ways. Therefore, we sought to develop an easy-to-apply algorithm, to be based on readily available clinical indicators, effective in predicting unfavourable outcomes.
INTRODUCTION
Acute pulmonary embolism (APE) is an urgent clinical condition. Cases of APE can progress in a wide variety of ways, ranging from asymptomatic cases that resolve spontaneously (these cases are occasionally undiagnosed) to cases that progress to death. Prospective cohort studies have estimated APE-related mortality rate to range from 7% to 11%.
(1) Therefore, a rapid and accurate diagnosis is of utmost importance, as is a disease severity classification system that can aid in establishing an accurate prognosis rapidly.
Prognostic models can be valuable tools, as such models can assist in medical decision-making. For example, such models can be used to determine whether a patient should be treated as an outpatient or admitted to an intensive care unit, or whether initial treatment should comprise chemical thrombolysis, mechanical thrombolysis or anticoagulants alone. With good medical decisions, the administered treatment is likely to be more appropriate and effective, potentially improving patient survival, and consequently, the expected outcome.
With the objective of establishing a more accurate prognosis for patients with APE, specific indicators (e.g. clinical findings, biological markers and imaging parameters) have been used to stratify patients. Biological markers such as brain natriuretic peptide and troponin have been used, as have echocardiographic, electrocardiographic and computed tomographic parameters, either in isolation or in combination. (2) (3) (4) (5) (6) (7) However, not all of such indicators can be easily employed in clinical practice, either because the skills required to perform and interpret the results of some of these tests are not easily attained or because such tests are not always readily available. Certain prognostic models (most of which are based on clinical findings), such as the Pulmonary Embolism Severity Index (PESI), have other practical limitations such as the inclusion of numerous variables. (8) The simplified PESI was developed in an attempt to overcome this limitation. (9) It is important to develop an APE severity classification system that: (a) is based exclusively on easily obtained clinical indicators; and (b) can be applied widely (e.g. does not require rare skills and equipment). The objective of the present study was to develop an easy-to-apply algorithm that is based on readily available clinical indicators (thereby eliminating the need for ancillary tests) and can be effective in predicting unfavourable outcomes in patients with APE.
METHODS
This was a retrospective cohort study based on systematically collected clinical data and ancillary test results available in a database from Santa Lúcia Hospital, Brasília, Brazil. All patients with APE who were admitted to the tertiary care hospital between January 2006 and February 2011 were included in the present study. The diagnosis of APE was based on clinical findings consistent with the disease. Of the 102 patients included in the study, the diagnosis of APE was confirmed by computed tomography pulmonary angiography and radionuclide imaging of the lungs in 92 (90.2) and 10 (9.8%) patients, respectively. The only inclusion criterion was a confirmed diagnosis of APE, regardless of the risk factors for APE or the presence of comorbidities. The following outcomes were defined as unfavourable: shock, the need for mechanical ventilation, the use of thrombolytics, and death.
A structured form was used to collect all relevant patient data. The following data was collected: (a) signs and symptoms at admission, i.e. subjective dyspnoea, chest pain, increased work of breathing, cough, sweating, haemoptysis, cyanosis, peripheral oxygen saturation (SpO 2 ) < 90%, signs of deep vein thrombosis in the legs, syncope, systolic blood pressure (SBP) < 100 mmHg, and tachycardia (heart rate > 100 bpm); (b) concomitant diseases, i.e. systemic arterial hypertension, diabetes mellitus, obesity, Chagas' heart disease, atrial fibrillation, thrombophilia, neoplasia, chronic lung disease, and chronic heart disease; and (c) risk factors for APE, i.e. smoking, impaired locomotion, recent history of trauma, recent surgery, sedentary lifestyle, oral contraceptive use, and family history of thromboembolism.
In data analysis, the variable 'age' was transformed into a dichotomous variable after receiver operating characteristic (ROC) curves were constructed to determine the best cutoff point. Sensitivity, specificity, positive likelihood ratio (PLR) and negative likelihood ratio (NLR) were determined for each dichotomous variable. The pre-test risk of an unfavourable outcome was assumed to be the prevalence found in the study sample.
Bivariate logistic regression was used to explore any probable associations between variables and unfavourable outcome. In the analysis, some original variables were transformed to create new variables; this was permitted as long as the transformations were pathophysiologically plausible. In multivariate analysis, a model was created based on the independent variables that were found to be statistically significant in the bivariate analysis. We first included all variables simultaneously and observed the regression coefficient for each variable. The final model was obtained by forward stepwise logistic regression. After defining the variables in the model, we arranged them in sequence to set up an algorithm that would be useful to clinicians. The post-test probability of each event was calculated using the logistic equation. We evaluated the set of coefficients in the model using the log-likelihood test. The proportion of variance in the dependent variable explainable by the independent variables was expressed as Nagelkerke R 2 . The agreement between the predicted and observed values was evaluated using the Hosmer-Lemeshow test.
All statistical analyses were performed using the Statistical Package for the Social Sciences for Windows version 18.0 (SPSS Inc, Chicago, IL, USA). A p-value < 0.05 was considered statistically significant. The present study was approved by the Research Ethics Committee of our institution (Protocol no. 058/2011).
RESULTS
For the 102 patients in our cohort, the mean age was 57.9 ± 20.7 (range 17-92) years, with 62 (60.8%) of them female, and 40 (39.2%), male. The prevalence of unfavourable outcome in our study cohort was 25.5% (i.e. 26 of the 102 patients) ( Table I ).
Our analysis showed that SpO 2 < 90% (i.e. hypoxaemia), SBP < 100 mmHg and syncope were the only signs that had PLR > 2, with hypoxaemia having the highest PLR (i.e. 3.29) (Table II) . Among the concomitant diseases included in our analysis, chronic heart disease, chronic lung disease and thrombophilia had PLR > 2 (Table III) . A history of smoking and recent history of trauma were risk factors that had PLR > 2 (Table III) . The remaining clinical indicators had PLR < 2.0.
After PLR and NLR were taken into consideration, we found that the best cutoff point for age was 40 years (area under the ROC curve 0.639; 95% confidence interval [CI] 0.524-0.753). Although age > 40 years had a PLR of only 1.37, it was the variable that had the lowest NLR (i.e. 0.23). In other words, we found that age ≤ 40 years was the best clinical indicator of good prognosis. None of the remaining study variables showed NLR < 0.5. The PLR values of the other possible cutoff points for age -65 years, 80 years and 85 years -were 1.26, 1.70 and 2.94, respectively; the respective NLR values were 0.82, 0.86 and 0.92. For the cutoff point of 85 years, sensitivity was only 11.5%.
After the variables were transformed, we found that, as variables, smoking and syncope lost their strength when combined with other variables. This is likely due to overlapping effects. When we combined smoking with the occurrence of chronic lung or heart disease, we obtained a PLR of 2.29, which was lower than that obtained for chronic lung or heart disease alone (i.e. 2.61). Similarly, when syncope was combined with hypotension and hypoxaemia, PLR was 2.20 and 2.91, respectively. Although the variables SpO 2 < 90%, age > 40 years, and recent history of trauma were found to have a statistically significant association with unfavourable outcome in the analysis prior to the transformation of the variables, the occurrence of chronic lung or heart disease was the only variable that was found to have such an association after transformation of the variables.
In the forward stepwise logistic regression model, SpO 2 < 90% (p = 0.01, B = 1.353) and age > 40 years (p = 0.03, B = 1.631) were selected as the most important predictors of unfavourable outcome. The model constant was −2.693 (p < 0.01). HosmerLemeshow test revealed no statistically significant differences between the values observed and those predicted by the model (p = 0.70). Nagelkerke R 2 , which expresses the proportion of variance in the dependent variable explained by the independent variables, was 0.177. When all significant independent variables were simultaneously included in the model (p < 0.01), their coefficients were as follows: 1.286 for SpO 2 < 90%; 1.348 for age > 40 years; 1.195 for recent history of trauma; and 0.767 for chronic lung or chronic heart disease. The constant was −2.779. HosmerLemeshow goodness-of-fit test was not significant (p = 0.83), and Nagelkerke R 2 was 0.234. The ROC curve from the predicted probability of the whole model was also produced, with the area under the curve at 0.763 (95% CI 0.653-0.874).
The inclusion of the variable 'age ≤ 40 years' reduced the risk of an unfavourable outcome from 25.5% to 7.0% (pre-test vs. post-test) (Fig. 1) . Even when that variable was combined with the variable 'hypoxaemia', the post-test risk of an unfavourable outcome remained lower than the pre-test risk (20.0% vs. 25.5%). In contrast, when the variables 'age > 40 years' and 'hypoxaemia' were combined, the post-test risk of an unfavourable outcome was high (~57.0%) (Fig. 2) . The inclusion of yet another significant indicator pushed the post-test risk of an unfavourable outcome 
DISCUSSION
In the present study, the mortality rate was 7.8% and the overall incidence of unfavourable outcomes was 25.5%. These values are similar to those reported in other studies, (1, 10, 11) indicating that our study cohort was similar to those evaluated in previous studies. Although we found that the best cutoff point for age in our study cohort was 40 years, other studies have shown far higher cutoff points for age, such as 65 years, (12) 70 years, (11) and 80 years. (9) This difference is likely due to the different selection criteria used in the different studies. The cutoff point for age is usually higher when it is established for the likelihood of an unfavourable outcome but not for the unlikelihood of the unfavourable outcome. For instance, the highest PLR in our study was for 85 years of age. However, since the discriminative ability of a given model increases when the cutoff point is chosen based on both PLR and NLR, we decided to use 40 years of age as the cutoff point because it was the value that best discriminated between the likelihood and unlikelihood of an unfavourable outcome.
As SpO 2 < 90% was the variable that showed the highest PLR in our study cohort, it played a central role in our prognostic model. Hypoxaemia is quite common in patients with APE, occurring via multiple pathogenic mechanisms. The pattern of distribution of either ventilation or perfusion, however, depends largely on cardiac output. (13) When such patients continue to have normal cardiac output, blood flow redistribution can result in the formation of areas of low ventilation or perfusion within the lung zone unaffected by thromboembolism. This means that there is an overperfusion of non-embolised regions, which in turn leads to hypoxaemia. In cases where cardiac output is significantly decreased, there is an increase in high ventilation or perfusion areas within the lung, including dead space. The factor observed to play an extremely important role in hypoxaemia in patients with APE is reduced mixed venous oxygen tension, which is a direct consequence of low cardiac output. (13, 14) Although decreased cardiac output plays an important role in hypoxaemia, hypoxaemia can occur regardless of changes in cardiac output. Indeed, patients with massive pulmonary embolisms can present with severe hypoxaemia even if their cardiac output and blood pressure are normal. (14) Thus, hypoxaemia is a more sensitive clinical indicator than hypotension for predicting unfavourable outcome in patients with APE. However, the degree of hypoxaemia that translates to an unfavourable outcome remains unknown. SpO 2 < 90% appears to be one of the most accurate predictors of unfavourable outcome. Other studies (8, 11, 15) have shown that hypoxaemia plays an important role as an independent risk factor for poor prognosis, a finding that is consistent with that of the present study. In our analysis, the variable 'hypotension' (i.e. SBP < 100 mmHg) showed a sensitivity of 19.0% in its ability to predict unfavourable outcome; this sensitivity is lower than the 35.0% observed for SpO 2 < 90%. Nevertheless, hypoxaemia and hypotension were found to be similar in terms of their specificity to predict unfavourable outcome (89.0% and 92.0%, respectively). Despite an odds ratio of 2.78, the difference was not significant for hypotension. This is probably due to the small sample size of the present study.
In patients with APE, the relationship between hypotension and progression to shock, or even death, has been well established. (16) Some studies chose to use a cutoff point of 90 mmHg, (10, 16) which can increase specificity. The cutoff point of 100 mmHg has also been reported as being significantly associated with poor prognosis, (8, 16) although this cutoff point did not achieve statistical significance in one report. (17) Considering the pathophysiological impact that lung and heart disease have on cardiovascular and respiratory systems, we can assume that pre-existing lung or heart disease is an aggravating factor that increases the risk of an unfavourable outcome. In the present study, the presence of chronic lung disease and chronic heart disease was found to be significantly associated with outcome. This finding is consistent with that of some studies, (8, 10, 18, 19) but inconsistent with others. (17, 20) Such differences are probably due to differences in the characteristics of the study cohorts (e.g. some studies had study cohorts that consisted of patients with severe disease, while others had study cohorts that consisted of patients with less severe disease) or the attenuation of the strength of this variable when it is influenced by several other variables (e.g. age, hypoxaemia, hypotension and tachycardia) in multivariate analysis.
In the present study, we found that a recent history of trauma was a significant predictor of unfavourable outcome. Our finding regarding this variable is inconsistent with other studies. (4, 18, 20) In one study, (4) although a recent history of trauma was found to be statistically significant in the univariate analysis, it was not sufficiently significant to be included in multivariate analysis. In other studies, (18, 20) it was found to have no statistical significance, even in single predictor analyses. Care should be taken when the variables 'recent history of trauma' and 'recent surgery' are studied in combination. In such cases, postoperative prophylaxis with anticoagulants might reduce the risk of death, (20) artificially reducing the negative impact of a recent history of trauma. However, the sequelae of trauma, particularly those of severe multiple trauma, can contribute to an unfavourable outcome.
In addition to the aforementioned differences in the inclusion criteria of various studies, differences in outcome criteria also decisively influence the results obtained. For example, one study showed that a history of cancer was an important predictor of poor prognosis when recurrence of thromboembolism within three months was used as an outcome measure. (15) We found no such relationship in the present study, which is consistent with the findings of Conget et al, (21) who investigated the short-term mortality of patients after APE.
Although our logistic regression model could explain the outcome in 23.4% of the cases (i.e. a reasonable proportion), we found that the ability of the model to predict unfavourable outcome in patients with APE is limited if only clinical variables are used. However, as our model uses variables that are easily understood, it can assist clinicians in making decisions regarding the initial approach for patients with APE, as well as assist them in predicting the course of the disease before confirmation of the diagnosis. Another limitation of the present study stems from its sample size, which may have some degree of inner variability. The number of patients with adverse outcomes in our study cohort was small, and thus the prediction model based on this group of patients may not be accurate.
We conclude that age > 40 years, SpO 2 < 90%, recent history of trauma, and the presence of pre-existing lung or heart disease are risk factors for unfavourable outcome in patients with APE. Our prognostic model may impact the management of patients with APE, as hypoxaemia probably occurs before hypotension and shock, and is likely the key element contributing to early prognostication. Further studies are required to explore the use of hypoxaemia at admission as an indicator for early treatment or early admission to an intensive care unit.
